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FOREWORD 


'Phis  operational  test  and  evaluation  (OTiJE)  was  conducted  by  authority 
of  AFR  80-14,  TACR  55-10,  and  TAG  Test  Order  Number  70A-057F,  June  1970. 
Active  testing  began  15  September  1970  and  ended  28  April  1972.  The  OT^E 
was  managed  by  the  Tactical  Air  Warfare  Center  and  conducted  by  tiie 
Tactical  Fighter  Weapons  Center/57th  Fighter  Weapons  Wing,  Nellis  A^r  Force 
Base,  Nevada. 

'Hie  following  personnel  were  responsible  for  the  conduct  of  tlie  test: 
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nie  present  ilOJ-2A/P  helmet  is  unsatisfactory  because  of  discomfort, 
lack  of  retention  during  ejections,  and  restricted  upward  visibility. 

Tliis  is  reflected  in  several  unsatisfactory  reports  submitted  by  units 
of  tlie  Tactical  Air  Comm;ind,  During  the  USAF  Life  Support  (]onferencc 
conducted  in  Las  Vegas,  Nevada  (20  November  -  1  December  1967),  it  was 
detemiined  that  a  form- fitting  helmet  is  the  licst  sf)lution  to  present 
helmet  problems.  The  modified  i!GU-17/P  liner  previously  evaluated  in  TAG 
Test  67-178  proved  unsatisfactory  because  it  was  difficult  to  fit,  tlie 
fo;mi  liner  iiardened  during  cold  weatlier,  and  the  liner  was  covered  with  a 
material  that  was  considered  a  fire  hazard.  Tlie  commercial  method  of 
providing  individually  molded  helmet  liners  also  evaluated  previously  in 
TAG  Test  68-202  revealed  possible  logistic  problems  sliould  that  method  be 
accepted  for  Air  Force-wide  application. 

The  Foamed- In-Place  process  evaluated  in  this  0Tf,F.  was  conducted  in 
conjunction  with  routine  f lying/training  missions.  Testing  bege'm  on  IS 
September  1970  but  was  suspended  on  8  October  1970  due  to  defective  molds. 
After  extensive  modification  of  the  liner  molds,  resting  was  resiuned  on 
10  November  1971  and  tenninated  on  28  April  1972.  Due  to  the  modification 
of  liner  molds  after  the  first  testing  period,  only  results  obtained  in 
the  last  testing  period  are  discussed  in  this  report. 

It  was  determined  that  life  support  technicians  are  capable,  with 
practice,  of  local  fabiication  of  acceptable  Foimied- In-Placc  helmets.  Most 
of  the  material  ;ind  c<iuipincnt  provided  were  satisfacton/ ;  however,  some  were 
unacceptable  cuul  considerable  sujipl  ies  were  reciuircd  tliat  v\'erc  not  piovi  Jed. 
Aeronautical  Systems  Division  (AS!))  instructions  for  the  b.clmet  liner 
foaming  process,  after  revision  by  Nellis  Air  Force  Base  personnel,  were 
i  oiuid  to  he  adequate,  althougli  they  should  bo  refined  ;md  photographs/ 
illustrations  should  be  added.  Instnictions  for  helmet  faluication  were 
iiiadcxpiatc .  Participating  aircrews  rated  the  test  helmet  superior  to 
helmets  used  previous  to  this  test  in  the  areas  ol'  comfort  (82  percent) 
and  stability  (86  iicrccnt).  No  signific;mt  difference  was  noted  in  restric¬ 
tions  to  visibility,  .uid  noise  attenuation  w<»s  rated  acceptable. 

It  is  recommended  that  immediate  action  be  taken  to  ailopt  the  I'oaiiied- 
In- Place  liclmct  process  for  Air  Pone  use  and  that  ASD/SAVIA  take  expedi¬ 
tious  action  to  accoiiplish  the  following: 

a.  Develop,  procure,  and  provide  comfortable  acoustical  earcups  for 
retrofit  on  all  I'oaji’.ed -  D: - "Tacc  helmets. 

b.  Dtu'clop,  proeurc,  and  provitle  comfortable,  adhesive-backed,  leather 

covered  ctlge  rolls  for  cetrofit  on  all  . 'd-D  I'i-i  .  helmets. 

c.  All  leather  and  sjionge  nibber  be  precut  and  fumished  in  a  press-on/ 
se  1  f  -  adlu' s  i  v'C  1  )ac  k  i  ng . 


d.  Talon  adliesive  (FSN  8040  754  2685)  be  used  in  lieu  of  the  Rostik 
adiiesive  furnished  with  the  tes^  units. 

e.  The  chemicals  should  be  packaged  and  controlled  to  insure  exact 
portions  (measures)  are  available  and  shelf  life  is  guaranteed. 

f.  Evaluate  the  effects  of  humidity  and  temperatu-e  on  the  quantity 
of  catalyst  required  during  foaming  process. 

g.  Prepare  appropriate  teclmical  orders  with  the  assistance  of  le,  r 
project  officers  and  technicians. 
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TAG  TEST  70A  ■0S7F 


fcami-;d-  in- plaq-  i  ielmet 


1.  introdiltion, 

a .  Background. 

(1)  A  nionber  of  units  of  the  Tactical  Air  Comnumd  ('^’AC)  have 
generated  a  requireiuont  for  a  new  flyhig  helmet  ajid/or  liner.  Several 
unsatisfactory  repei  ts  (iJR)  have  been  submitted  on  the  current  fi(7d-2A/r 
heliiiet  ;md  fitting  pad  combination.  Aircrews  have  noted  the  lack  of 
capability  of  the  hehnets  to  reduce  the  Iiigh  noise  level  associated  with 
some  types  of  aircraft.  In  addition,  the  present  he  Iniet  is  unsatisfactory 
in  tire  areas  of  comfort,  retention  during  ejections,  and  visilmUty  in  the 
iqjper  vertical  plane. 

(2)  During  the  USAF  Indvistn,'  i.ife-Support  (Conference  which  con¬ 
vened  in  i.as  ^'^ega.s,  Nevada,  28  November  -  1  December  1967,  it  was  deter¬ 
mined  that  tile  best  solution  to  the  inadequate  b.elmet  problem  was  a  fonn- 

i  ittirg  helmet  for  crews  of  liigh  perfonaance  aircraft.  It  was  recon^aended 
tliat  a  study  be  conducted  to  develop  a  new  form- fitting  helmet.  Such  a 
study  '‘'ouid  consider  new  protection  criteria  for  different  cre-.v  positions, 
as  well  as  advanced  matCiials  an'l  design  consi derat  ons  which  would  insure 
comfort,  .stability,  retention,  and  adajuate  visibility,  while  providing 
tlie  viegree  of  [irctection  required  for  the  particular  crew  position. 

(?>j  TAtC  Test  67-178  was  ;in  attcmjit  to  use  the  IJ(7J-17/r  liner  to 
soivc  tlic  foregoing  prohleias.  However,  it  proved  unsat  is  factor)'  because 
it  was  difficult  to  fit,  tiie  foam  liner  hardened  during  cold  weather,  and 
the  liner  was  covered  with  a  material  wliich  was  considered  a  fire  liazard. 

(4)  '''A(C  Test  68-202  evaluated  a  commcicial  iwethod  of  j^rovidiug 

individually-molded  helmet  liners.  Results,  although  successful,  revealed 
possible  logiscic  proiilcms  should  tnis  metiioii  be  accepted  for  Air  Force¬ 
wide  ap])!  icat  ion. 

(5j  llie  Fo:u:ied- iii-l’lace  Helmet  l.incr  evaluated  in  tJiis  proicct 
was  a  'urtlicu-  effort  to  provide  aircrews  with  .an  improved  helmet. 

1 ) .  Dcscrijit  ion . 

(,  T)  The  test  lielmets  were  asseml)U\l  at  base  level.  The  helmet 
used  a  stiindard  Hl>ll-2A/1’  or  26/1'  helmet  shell  asseiiihly  ;md  a  supplementary 
[lackagc.  This  package  provided  materials  and  instmetions  for  fabricating 
a  custan-molded  energy  absorbing  liner,  ear  {tuls,  and  tielmet  cxlge  roll. 


(a)  The  custom-molded  liner  was  fabricated  by  pouring  a 
liquid  foam  into  a  mold  placed  snugly  over  the  subject's  head.  A:,  "he 
foam  set,  it  conformed  to  the  contours  of  the  individual’s  sftili.  After 
the  foam  liad  set,  the  liner  v.'a.s  removed  from  tiie  mold  and  allowed  to  dr)' 
completely.  It  was  attached  to  tlie  inside  of  tJie  helmet  shell  at  a  later 
time  (Annex  B) . 

(b)  liar  pads  for  most  helmets  tested  were  rr.ai’e  of  foam 
Tubbei  ajid  covered  l)y  black  sheepskiii  le^ather.  Standard  eaiphone  ir.oLors 
were  inserted  into  a  cavity  cut  in’:?  the  foam  nibber.  Due  to  the  dis¬ 
comfort  of  the  foam  rubber  ear  pads,  scvjial  helmets  were  built  irxorporac- 
ing  acoustical  ear  cups. 

(c)  Helmet  edge  rolls  were  of  tv/o  types,  'llie  first  was  a 
rubber  edge  roll  glued  around  the  forward  edge  of  .he  helmet  shell.  The 
second  \,as  a  foam  rubber  edge  roll,  covered  by  bla.ck  sheepskin  leather, 
attached  by  sewing  tlirough  holes  drilled  around  tiie  frace  opening  of  the 
helmet  shell. 

(2)  Ivlien  completely  asseiabT:‘d,  the  basic  components  provided  a 
custom-fit  lielrnet  configuration  similar  in  appcar.ance  to  the  test  i^'ems 
employed  during  TAC  Test  68-202  .-ind  the  cu;-;tcHn- 1  i  t  helmets  fahricattd  at 
Wright- Patterson  AIT  (Figures  1  through  4,  /\nnex  (i)  , 

2.  PURTOSli  OF  TilF  OTljh.  'Ihc  pui'posc  of  this  OT8F  was  to  deteimine  if  the 
I'ojimcd- In- Place  pnjcess  could  produce  a  helmet  that  provided  satisfactory 
noise  attenuation,  visibility  crew  comfort,  a:id  stability.  Specific  test 
objectives  were  to  dcceni’.inc: 

a.  Acceptability  of  m:ir"‘rials,  co.uinmcnt,  and  instiuctijns  for  local 
fabrication  of  helmet  liners. 

1),  Capability  of  life  supp‘>rt  tcclinicians  to  perform  required  tasus. 

c.  Aircrew  accc[)tal)i I  it/  of  helmet  comfort,  visitiility,  stability  , 
and  noise  attenuation. 

7).  Mldli(M)  01'  CONDUCllNC  I'lli;  DiTii:.  This  evaluation  was  conducted  in  con- 
iunctioi;  with  routine  f"!)  ing/training  missions  from  10  Noveml'ier  1971  to 
28  yljiril  1972  (exclusive  of  a  short  testing  period  Irom  IS  Sep.temiier  i9'’0 
to  8  (October  19'’n,  results  of  wliich  weie  discarded  due  to  extensive 
redesign  of  the  molds  before  the  final  testing  period).  The  57  HdVg, 

27  TBVg,  4410  SOTCj),  an-l  the  4500  .MlWg  were  each  allocated  chemicals  ;md 
fabric  for  a  minimum  o!  IS  Iselmets. 

a.  lleliiiCt  Fabric.-. t ion.  Liners  were  fabricated  locally  by  life 
sujijiort  tecluiTcians  ia  accordance  with  instructions  developed  by  Nellis 
AFil  life  supjiort  persomiel .  IlcLncts  were  asscmibiled  in  accordance  vvitli 


instnictions  p' jvidod  by  ASD.  Adeqiiacy  of  tlie  fabricaLion/nssembly 
instructions  was  evaluated.  When  fabrication  and  assembly  was  coiniilete, 
participating  life  support  personnel  comriletcd  the  Life  Suppcrt  Teclmician 
(.^estioiinairc  #1  (Annex  A,  Ayjpendix  2). 

b.  Service  bvaluation  Inspection  and  maintcurmce  of  test  items  was 
in  accordance  wTtll'i  applicdl^le  tecnnical  orders  and  caninand  directives. 

.'\n  additional  inspection  was  performed  av  the  conclusion  of  the  ev.Jluation. 
Required  iiiaintenaricc  was  recorded  during  tlie  evaluation,  imd  I/i  fe  Support 
TeJmician  (^icstionnaire  <12  (^inex  A,  Appendix  2)  was  completed  at  the 
conclusion  of  tl'o  evaluation. 

c.  Aircrew  Accept  ihi  I  ity.  Participating  aircrews  wore  tlie  tes'.  items 

on  every "Tl iglrt  tlie  evaluation  peiiod.  Pertinent  data  were  recorded 

after  each  flight  and  the  Aircrew  flues tionna ire  /Annex  A,  Appendix  1)  ..as 
coiiqileled  at  the  terminati '^n  -.ji  tlie  test.  Test  helmets  were  worn  by  1-4, 
F-111,  A- 37,  T-33,  F- 103,  and  lJll-1  aircrew's. 

4.  CONdLliSlONS.  Analyses  of  Adrerew  and  Life  .Support  lec’inician  iSuestion- 
naires  ;md  comments  from  project  officers  and  ticlinicians  form  the  basis 
for  the  following  conclusions. 

a.  Material,  eiiuipment,  anc  instnictions  ‘•upplied  for  local  helmet 
fabrication  were  acceptable  except  as  noted  below. 

(Ij  ilie  rclibcr  edge  roil  provided  in  lieu  of  the  leatiier  .aud  foam 
rubber  edge  roll  was  miacceptahlc. 

(2)  Acoustical  car  cups  provided  to  replace  tlie  i  satlicr  ajid  foam 
ruliber  custom  eaqiads  were  unacceptable 

(3)  Glue  provided  for  the  faiirication  process  was  luiaccent alVl e. 

(4)  Installation  of  drill-an-l-sc-w  leather  and  fo.an  md'HH  r  cslge 
rolls  and  leatlicr  imd  foam  custom-made  earcups  is  too  time-consuming  i'lu- 
local  mass  production. 

(5)  Instnctions  .'or  the  hebiict  liner  foaming  jirocess  were 
adequate:  however,  tlic)-  could  be  improi'cd  bx-  the  .addition  of  reiereiice 
i  1  lustrations/jihotugraplis. 

(OJ  Instructions  for  helmet  I'ahr  i  cat  ion  were  ii;adt\(i)ate  . 

b.  Life  support  tec)inici:uis  at  the  squadron  level  aie  cap.ihle,  with 
practice,  of  completing  tlie  entire  foaminf^  luid  fa'/rication  procedure. 

c.  iiighty-two  percent  of  the  part  icipating  aircrews  rated  the  test 
helmet  more  coiiifortatilo  than  tlicir  previous  iiclmet. 
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d.  There  was  no  additional  restriction  to  visibility  caused  by 
custom  fitting  the  helmet  when  comparing  it  to  other  custom-fit  or  standard 
issue  helmets. 

e.  Eighty  percent  of  participating  aircrews  rated  the  test  helmet  more 
stable  during  flight  maneuvers  th^  their  p'*'*'vious  helmet. 

f.  Noise  attenuation  piovided  by  tlie  leather  and  foam  earcup  was 
acceptable. 


g.  Noise  attemr^tioii  provided  by  the  r’coustical  earcup  was  satis- 
factoi’y  and  super  ior  to  the  leather  and  foam,  earcup;  however,  this  earcup 
proved  unacceptable  due  to  aircrew  discomfort. 

5.  RFC''yfTATiAT10NS.  Recommend  immediate  adoption  of  the  Foamed -In- Place 
helmet  process  for  Air  Force  use  and  that  ASD/3.\/l’A  take  expeditious  action 
to  accomplish  the  following: 

a.  lievclop,  procure,  and  provide  comfortable  acoustical  earcups  for 
retrofit  on  all  foamci’- In-r>laco  helmets. 

b.  lievelop,  procure,  and  provide  comfortable,  adhesive-backed,  leather 
covered  edge  rolls  fur  retrofit  on  all  Foamed- fa- Place  helmets. 

c.  AH  I'^atlier  and  sponge  rubber  he  precut  and  furnished  in  a  press-on/' 
soj  f-adiiesive  backing. 

d.  lalon  adhesive  (FSN  8040  754  2685)  be  used  in  lieu  of  the  Rostik 
adhesive  furnished  with  the  test  units. 

e.  The  chemicals  should  be  packaged  and  controlled  '  insure  exact 
;)ortions  imeasurcs)  arc  available  and  shelf  life  is  guar  iteed. 

f.  Evaluate  the  effects  of  humidity  :ind  temperature  on  the  quantity 
of  catalyst  required  during  foaming  process. 

g.  Prepare  appropriate  technical  orders  with  the  assistance  of  test 
project  officers  and  technicians. 

6.  (TTfiE  RESULTS  AND  UISdlSSION.  Prior  to  resumption  of  the  test  on  10 
November  1971,  the  Nellis  Project  Officer  and  two  life  support  technicians 
went  on  tenqjorary  duty  for  one  week  to  ASD  at  Wright -Patterson  aFB  to 
became  familiar  with  the  equipment  and  practice  using  the  revised  molding 
procedures.  In  addition,  they  were  given  training  in  custom-fit  helmet 
fabrication  prouedures  used  by  the  Physiological  Training  Branch  of  the 
USAF  Medical  Center.  The  project  officers  and  technicians  at  the  other 
participating  units  received  the  revised  molding  procedures  but  did  not 
receive  formal  training. 
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a.  Objective  A.  Acceptability  o£  materials,  equipment,  and  instrac- 
tions  for  local  fabrication  of  helmet  liners. 

(1)  Acceptability  of  Materials  and  Equipment. 

(a)  The  mold  and  its  associated  hardware  (Figure  6,  Annex  C) 
was  adequate.  With  proper  instructions  and  practice,  technicians  had  no 
problem  fitting  it  to  the  aircrewman's  head.  Aircrewmen  found  the  fitting 
and  foaming  process  rather  uncomfortable  due  to  tightness  of  the  sealer 
ring  when  in  place  on  the  head  and  because  of  the  heat  generated  by  the 
foaming  process  which  Wcis  comparable  to  a  hot  shower.  The  whole  procedure 
lasted  only  about  20-30  minutes.  The  addition  of  an  extractor  lever  in 
later  molds  further  reduced  the  time  and  effort  required  to  get  the  foam 
liner  out  of  the  mold. 

(b)  The  chemicals  (polyol,  isocyanate,  and  a  catalyst)  pro¬ 
vided  for  the  evaluation  produced  the  desired  polyurethane  foam  liner. 

The  technique  used  to  mix  and  pour the  chemicals  is  critical;  however,  all 
technicians  became  capable  after  watching  one  or  two  pourings  and  practic¬ 
ing  several  of  their  own. 

(c)  Near  the  end  of  the  test,  several  molds  produced  at 
Nellis  took  excessively  long  to  "cure.”  According  to  ASD  engineers,  the 
isocyanate  bottled  in  the  Materials  Laboratory  at  ASD  probably  deterio¬ 
rated  due  to  slight  moisture  content  since  bottling  conditions  at  .‘iSD 
could  not  be  strictly  controlled. 

(d)  The  amount  of  catalyst  required  in  the  reaction  varied 
with  humidity,  Tn  the  extieme  humidity  (80-90  percent)  at  England  Al-B, 
the  foaming  process  failed  until  they  used  the  "temperature  vs  drops  of 
catalyst"  guide  provided  in  the  old  foaming  instructions  (issued  by  .ASD) 
rather  tlian  the  14-15  drops  specified  in  the  foaming  instructions  revised 
by  Nellis  AFB  personnel  (Annex  B) . 

(e)  The  Dow  Dispersion  Coating  prevented  liners  frcun  stick¬ 
ing  to  the  Teflon  and  rubber  parts. 

(f)  Ihe  leather  and  foam  nabber  initially  provided  for  liner 
covering  and  edge  rolls  was  satisfactory;  however,  it  was  not  precut 
which  caused  waste  and  slowed  faljrication. 

(g)  The  Bostik  glue  provided  was  unacceptable.  It  react'^d 
with  the  polyurethane  foam  to  cause  raised  hard  areas  inside  many  of  the 
liners  resulting  in  "hot-spots"  to  the  aircrews.  The  raised  hard  areas 
were  difficult  to  remove  and  caused  several  aircrews  to  discontinue 
wearing  the  test  helmet,  A  talon  ad}iesi’''e  was  tested  and  foujid  to  be  an 
ideal  substitute. 


(h)  A  nibber  edge  roll  (Figtires  2,  3,  and  5,  Annex  C)  pro¬ 
vided  to  replace  the  leather  and  foam  edge  roll  was  unacceptable, 
individuals  with  wide  faces  or  high  cheekbones,  it  had  to  be  cut  down  to 
tJie  point  where  very  little  padding  remained  (Figure  3,  Annex  C) .  It  was 
also  necessary  to  cut  the  edge  roll  to  allow  for  operation  of  the  visor 
(Figure  2,  Annex  C) .  The  rubber  was  difficult  to  cut  and  the  cuttiiig 
produced  a  most  unsatisfactoiy'  appearance.  Difficulty  was  also  experienced 
with  bayonet  binding  (Figure  2,  Annex  C)  unless  another  portion  was  cut 
away. 


(i)  Acoustical  earcups  (Figure  3,  Annex  C)  were  provided 
part-way  through  the  test  to  replace  the  leather  and  foam  custom-made 
earcups  (Figure  1,  Annex  C) .  The  latter  were  time-consuming  to  build  and 
provided  marginal  sound  attenuation.  While  the  acoustical  earcups  did 
provide  the  required  sound  attenuation,  they  were  unacceptable  due  to 
aircrewmen  discomfort.  For  numerous  aircrewmen,  the  earcups  ivere  too 
tight  (due  to  the  thickness  of  the  cup)  to  wear  at  all.  Difficulty  in 
placanent,  the  small  size  of  the  ear  opening,  and  an  excessively  thin 
comfort  pad  made  them  very  uncomfortable  for  the  majority  of  aircrewmen 
who  evaluated  tliem. 


(j)  Other  equipment  required,  but  not  supplied,  to  complete 
all  required  foaming  and  fabrication  tasks  are: 

1.  Smocks  (to  protect  clothing  frcm  foaming  process 


overflow) . 


£.  Scalpel,  surgical  scissors,  razors,  and  large 
needles  (for  working  with  leather  and  foam  mbber) . 

3.  Thermometer. 

Ruler. 

_5.  Brush  (for  applying  dispersion  coating). 

6,  Grease  pencil. 

1_.  Paper  cups  and  tongue  depressors  (for  mixing 

chemicals) . 

8.  Spatula  (for  loosening  liner  from  meld  before 
addition  of  the  extractor  assembly). 


9. 


Knife  and  saw  (for  cutting  liner). 


(2)  Acceptability  of  Instructicns  for  Local  Fabrication  of 
Hebnet  Liners.  Tlie  revised  foaming  and  fabrication  processes  were  viewed 
;md  practiced  by  the  Nellis  AFB  personnel  at  ASD,  Wright-Patterson  AFB, 
just  prior  to  test  resunption.  Both  processes  had  changed  appreciably. 
Instructions  originally  provided  were  obsolete  and  inadequate,  but  were 
tlie  only  written  instructions  available. 

(a)  Foaming  process  instructions  (Annex  3)  were  revised  and 
lipdated  by  Nellis  AFB  Project  Officer  and  technicians  for  use  by  other 
participating  units.  Figures  6  tiirough  19  arc  photographs  of  the  foaming 
process.  Difficulty  was  encountered  by  England  AFB,  where  numerous  failures 
occurred  until  they  began  using  the  "temperature  vs  number  of  drops  of 
catalyst"  chart  provided  in  the  original  foaming  instructions.  This 
deviation  appeared  to  be  the  result  of  extreme  hunidity  conditions  (80-90 
percent)  and  warrants  additional  investigation  by  ASD  before  instructions 
are  finalized  in  a  technical  order.  As  a  result  of  this  discovery  and 

the  addition  of  an  extractor  tool  assembly  (Figure  6,  Annex  C)  to  the 
helmet  mold  hardware,  the  foaming  instructions  should  be  revised  and 
rewritten.  The  addition  of  reference  pictures/illustrations  should  be 
mandatory  to  facilitate  use  and  understanding  of  these  procedures  by  life 
support  technicians. 

(b)  The  helmet  fabrications  instructions  were  provided  by 
the  Physiological  Training  Branch  of  the  USAF  Medical  Center.  These 
instructions  were  found  to  be  inadequate.  They  had  not  been  revised  to 
allow  for  the  installation  of  the  dual  visor  required  on  all  F*lll  aircrew 
iielmets.  No  written  instructions  were  received  to  cover  installation  of 
the  rubber  edge  roll  or  the  acoustical  earcups  provided  later  in  the  test. 
Wlien  the  configuration  of  the  edge  roll  and  earcups  is  finalized,  instruc¬ 
tions  for  the  entire  fabrication  process  should  be  revised  and  rewritten. 

b.  Objective  R.  Capability  of  life  support  technicians  to  perform 
required  tasks!  No  major  problems  were  encountered  in  learning  or  perform¬ 
ing  the  required  tasks.  .Several  of  the  tasks  require  considerable  tech¬ 
nique  (such  as  when  to  pour  the  foam  into  the  mold  as  it  is  rising  in 
the  cup),  but  all  participating  technicians  enjoyed  the  challenge  and 
mastered  the  techniques  with  minii.^p.  practice,  llic  following  tec'inique 
problems  did  occur  during  conduct  of  the  test: 

(1)  Fitting  of  the  mold  to  the  aircrewman's  head  was  critical. 

Great  care  had  to  be  taken  in  the  fitting  of  the  mold  to  achieve  proper 
liner  thickness,  thus  insuring  that  the  aircrewm:m' s  head  fit  properly 
in  the  helmet  once  the  fabrication  was  complete. 

(2)  The  mixing  of  the  chemicals  and  the  "just- right"  time  to 
pour  tlie  rising  foam  frem  the  cup  into  the  mold  was  a  problem  at  first 
(Figures  11,  15,  and  16,  Annex  C) .  Four  or  five  attempts  were  usually 
required  to  obtain  proficiency  in  this  technique. 


(3)  Fabricating  the  leather  and  foam  earcups  required  considerable 
teclmique  in  determining  and  building  overall  thickness  and  earhole  depth 
to  acliievc  tlie  desired  aircrew  ccmifort  and  sound  attenuation. 

(4)  Attaching  and  adjusting  the  test  acoustical  earcups  proved 
to  be  an  almost  impossible  task,  but  this  was  determined  to  be  an  equip¬ 
ment  problem  rather  than  technician  capability  (paragraph  6a(l)(i)). 

(5)  The  drill-and  sew  procedure  used  in  the  cutom  fit  helmet 
program  produced  a  helmet  edge  roll  superior  in  comfort  and  appearance  but 
took  two  to  three  times  longer  than  required  for  installation  of  the  rubber 
edge  roll  (Figures  1  and  4,  Annex  C) . 

c.  Objective  C.  Aircrew  acceptance  of  helmet  ccmifort,  visibility, 
stability,  and  noise  attenuation. 

(1)  Itelmet  Comfort.  The  majority  of  the  participating  aircrew- 
men  rated  the  test  helmets  better  than  the  standard  IIGU-2A/P  and  26/P 
helmets  in  areas  relating  to  helmet  comfort  (/\nnex  A),  ic  significant 
that  three  out  of  seven  aircrewmen  who  had  previously  been  provided  custom 
fit  helmets  preferred  the  test  helmet.  Tliere  were  three  problem  areas 
tnat  caused  41.2  percent  of  the  participating  aircrews  to  rate  tl  test 
helmets  WORSE  IIIAN  their  old  helmet  during  initial  fitting. 

(a)  Tlie  original  glue  reacted  with  the  polyurethar^  fcxim 
liner  (especially  true  if  the  liner  had  only  cured  the  minimum  .  qi.  ■'•d 
period  of  24  hours  before  the  glue  wa.  applied)  in  a  numl>er  of  ca  ( 
subsequently  hardening  and  causing  hot  spots  in  the  liner. 

(b)  Earcups,  whether  leather  fmd  foam  or  acousti  il,  pre¬ 
sented  a  problem  with  the  test  helmets.  With  tlic  leather  and  fo;im  rubber 
models,  initial  complaints  were  cf  extreme  tightness  or  looseness  and  poor 
sound  attenuation.  Tht  teciuiician's  teclmique  with  constniction  was 
critical  to  success.  The  acoustical  carcup,  while  giving  ven^  satisfactoiy 
sound  attenuation,  was  unacceptable  for  reasons  of  comfort  (see  paragraph 
6a(l)(i)  for  additioiial  discussion). 

(c)  Ihe  leather  and  fo;im  edge  roll,  while  time-consuming  to 
install,  was  vastly  superior  to  the  rubber  edge  roll  for  comfort  since  it 
was  much  softer  and  easier  to  modify  to  individual  differences  in  the  user's 
face  (see  paragraph  6aCl)rh)  for  additional  discussion). 

(2)  Visibility.  Visibility  was  not  significantly  changed  from 
the  11(11J-2A/P,  26/P,  or  other  custom-fit  models.  The  aircrewman's  head 
sits  in  virtually  the  same  position  inside  the  helmet  with  this  liner 
as  with  previous  custom  and  standard  models.  A  benefit  to  inward  visi¬ 
bility  does  occur  due  to  the  added  stability  of  the  liner  preventing  the 
test  helmet  from  rotating  forward  under  high  G  loads.  Neither  this 


irii'a-iJt'rirfiil 


other  existing  Jielmets  appear  to  be  the  ultimate  answer  for  aircrew 
v'isibility  in  the  F-15  and  future  generation  fighters  witn  improved  cockpit 
visibility  and  extreme  sustained  G  capabilit)'-. 

(3)  Stability.  Stability  was  improved  with  the  test  helmet,  as 
evidenced  by  80  percent  of  the  participating  aircrewmen.  This  benefits 
not  only  upward  visibility,  but  should  aid  immensely  in  helmet  retention 
in  the  event  of  bird  strike,  canopy  loss,  or  ejection. 

(4)  Noise  Attenuation.  Noise  attenuation  with  the  test  helmet 
was  reported  to  be  better  than  their  previous  helmet  by  64.8  percent  of 
participating  aircrews.  Problems  with  earcups,  however,  were  the  most 
pervasive  difficulty  in  the  entire  test  (see  discussions  in  paragraphs 
6a(l)(ij,  6b(3).  and  ^41,  and  Annex  A)  If  a  ccsnfortable,  easily- installed 
acoustical  earcup  can  be  procured,  tlie  entire  earcup  aiid  noise  attenuation 
problem  can  be  quickly  resolved. 
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FINAL  REPORT 
TAG  TEST  70A-0S7F 


ANNEX  A 

DATA  AND  ANALYSIS 


1.  AIRCREW  COMEN'rS. 

a.  A  total  of  51  aiicrew  members  ccsr^ileted  questionnaires  rating  the 
test  helmets  with  tlieir  previous  helmet.  A  sample  of  the  aircrew  question¬ 
naire  is  included  as  Appendix  1.  Table  1  shows  the  overall  results  of 
this  survey.  The  results  are  presented  as  either  the  number  of  aircrew 
members  in  a  particular  category  (base,  rank,  etc.)  or  as  a  percentage  of 
the  total  aircrew  members  answering  each  question  in  a  particular  way. 

Table  1  also  shows  that,  in  general,  aircrews  rated  the  test  helmet  as  being 
"better  than"  their  previous  helmet  in  areas  having  to  do  with  fit,  comfort, 
stability,  and  noise  suppression,  while  they  rated  the  test  helmet  essen¬ 
tially  the  "same  as"  tlieir  previous  helmet  for  fit  of  the  oxygen  mask, 

chin  strap,  and  for  peripheral  vision.  Most  significant  is  that  80,5 
{.lercent  of  the  aircrew  members  rated  the  test  helmet  as  being  overall 
"better  than"  their  previous  helmet  and  84. S  percent  elected  to  continue 
to  use  the  te<;t  v>r>iniet  rather  than  their  previous  helmet. 

b.  To  analyze  why  15.5  percent  of  the  aircre’.v  members  (8)  chose  not 
to  continue  using  the  test  helmet,  their  questionnaires  were  examined 
separately  from  the  remaining  43.  Table  2  has  the  same  breakout  of 
data  as  Table  1  but  shows  the  results  separated  for  the  groups 

who  did  and  did  not  "like"  the  test  helmet.  The  information  in  Table  2 
does  not  support  any  definite  conclusions.  However,  in  general,  those 
aircrew  members  rejecting  the  test  helmet  rated  it  low  in  those  areas  in 
which  the  ronaining  crew  members  rated  it  high.  Both  groups  generally 
agreed  on  those  items  rated  as  the  "same  as"  their  previous  helmet  (as 
noted  above) .  One  factor  that  is  probably  significant  in  the  choice  of 
helmets  was  the  type  of  helmet  previously  in  use.  Seven  of  the  total 
crewmembers  surveyed  were  previously  supplied  with  custom  fit  helmets, 
while  the  remainder  had  the  standard  HGU-2A/P  or  26/P.  Four  of  the  seven 
with  custom  helmets  were  in  the  group  of  eight  who  rejected  the  test  helineC. 

2.  LIFE  SUPPORT  TEQINICIAN  CONENTS.  Twelve  of  the  life  support  tecli- 
nicians  who  were  involved  with  fitting/fabricating  the  test  helmets  ccr?.- 
pleted  questionnaires.  A  sample  of  the  Life  Support  Technician  Question¬ 
naire  is  included  as  y^pendix  2.  Due  to  confusion  as  to  how  the 
questionnaire  was  to  be  used,  the  technicians  at  locations  other  tlxan 
Nellis  AFB  caipleted  only  one  questionnaire  regardless  of  how  many  helnjets 
they  had  fitted.  Consequently,  numerical  analysis  of  information  contained 
on  these  questionnaires  was  not  ^propriate. 
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Table  1.  Overall  Aircrew  Questionnaire  Results. 
Total  Questionnaires  Conqjleted  51 

Nellis  AFB  20 

Langley  AFB  22 

Cannon  AFB  23 

England  AFB  7 

Rank  of  Aircrewmen  Ccmipleting  Questionnaire 
Sgt 

Captain 
Maj  or 
Lt  Colonel 
Colonel 

Squadron  Leader 
Type  of  Aircraft 


1 

23 

22 

3 

1 


F-11] 
T-33 
F-4 
F-105 
A- 37 
IJ:  I- 1 


22 

7 

9 

3 

7 

3 


Time  Test  Helmet  Used  (hrs): 

Minimum  Average  Maximicii 

Total  hours  used  4.0  44,3  3C0 

Ixjngest  single  1.5  3.0  8.0 

period  used 


T)pc  of  Ilclmet  r.«\/iously  Used  (48  reported) ; 


HGU-2VP 
Custom  Fit 


41 
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Table  1.  Overall  Aircrew  (>iestionnaire  Results  rContinuerO. 


Test  Helmet  Comparison 

with  Previous  Helmet  No.  IVho 


Question 

Better 
Than  (%) 

The  Same  Worse 
As  (%)  Tlian 

Answered 
("o)  Question 

1. 

Initial  fit 

52.9 

5.9 

41.2 

51 

2. 

Final  fit 

82.0 

12.0 

6.0 

50 

.■5. 

Earphone  location 

47.2 

29.4 

23.5 

51 

4. 

0?  mask  fit 

Am 

33.3 

60.5 

6.2 

48 

5. 

Chin  strap  fit 

11.8 

88.2 

0 

51 

6. 

Nape  strap  fit 

17.6 

72.5 

9.8 

51 

7 . 

Stability  du:iug  maneuvers 

8C.0 

IS.O 

2.0 

50 

8. 

Discomfort  due  to  heat 

.34.0 

46 . 0 

20.0 

50 

9. 

Noise  suppression 

64.8 

23.5 

11.8 

51 

10. 

Radio/interconmiunication  system 

59.2 

32.6 

8.2 

49 

11. 

I-eft/right  peripheral  vision 

22.0 

72.0 

6.0 

SO 

12, 

H^iward  peripheral  vision 

26.0 

58 . 0 

16.0 

50 

1.5. 

Helmet  weight 

18.0 

62.0 

20.0 

50 

14. 

Overall  evaluation 

80.5 

3.9 

IS. 7 

51 

Yes 

No 

15, 

Was  skullcai)  adequate 

93.2 

6.8 

44 

1(). 

Did  liclmet  roll  interfere 
with  visor 

8.2 

91.8 

49 

Test 

Previous 

Much  helmet  do  you  desire 
to  use 


17. 


84.5 


15.5 


51 


Table  2.  Conparison  of  Those  Who  Desired  to  Continue 
to  Wear  Test  Helmet  with  Those  Wlio  Did  Not. 


Questionnaires  Completed 

*43/8 

Total 

Nellis  AFB 

16/4 

Langley  AFB 

10/1 

Cannon  AFB 

10/3 

England  AFB 

7/0 

Aircrew  Ranks 

sgt 

1/0 

Captain 

21/2 

Major 

18/4 

Lt  Colonel 

3/2 

Colonel 

1/0 

Squadron  Leader 

1/0 

Type  Aircraft 

1 

F'lll 

16/6 

i-33 

6/1 

F'4 

9/0 

F-105 

2/1 

A'37 

7/0 

HH-1 

1/0 

Time  Test  Helmet  Used  (hrs) 

Minimum 

Average 

Maximum 

Total  4.0/10.0 

47.9/25.4 

300/57.0 

Longest  Fcriod  1. 5/2.0 

3. 0/3.0 

8.0/4. 5 

[’ype  of  Helmet  Previously  Used 

Iiaj-2A/P 

37/4 

CiiS  tom 

3/4 

^Numbers  prec'^ding  the  slash  refer  to  aircrews  wlio  stated  desire  to 
continue  use  of  the  test  helmet.  ITie  second  number  applies  to  those 
who  did  not . 


Table  2.  Comparison  of  Those  IVho  Desired  to  Continue  to  Wear 
Test  Helmet  with  Those  Who  Did  Not  (Continued) . 

T  e  s  t~  Helme  fCcHTipar  i  s  on 
with  Previous  Helmet  No.  Who 


Question 
1.  Initial  fit 


Better 
Than  (%) 

62.8/0* 


The  Same  Worse  Answered 

As  (I)  Than  (li)  Qiiestion 

4.7/12.5*  32.6/87.5*  43/8* 


2.  Final  fit 

93.0/14.3 

7.0/42,9 

0/42.9 

43/7 

3.  Earphone  location 

51.1/25.0 

30.2/25.0 

18.6/50.0 

43/8 

4.  O2  mask  fit 

35.0/25.0 

62.5/50,0 

2.5/25.0 

40/8 

5.  Cliin  strap  fit 

11.6/12.5 

88.4/87.5 

0/0 

43/8 

6.  Nape  strap  fit 

18.6/12.5 

72.1/75.0 

9.3/12.5 

43/8 

7.  Stability  during  maneuvers 

88.1/37.5 

11,9/50.0 

0/12.5 

42/8 

8.  Disccfiifort  due  to  heat 

40.5/0 

45.2/50.0 

14.3/50.0 

42/8 

9.  Noise  suppression 

69.8/37.5 

25.6/12.5 

4.7/50.0 

4.3/8 

10 .  Radio/into  rcomimuii  cations 
sys  tern 

63.4/37.5 

31.7/37.5 

4.9/25.0 

41/8  ; 

j 

1 

11.  Left/right  peripheral 
vision 

23.8/12.5 

71.4/75.0 

4.8/12.5 

42/8  : 

1 

j 

12,  Upward  peripheral  vision 

28.6/12.5 

54.8/75.0 

16.7/12.5 

( 

4  2/8  i 

1 

13,  Helmet  weight 

16.7/25.0 

64.3/50.0 

19.0/25.0 

42/8  : 

j 

14.  Overall  evaluation 

95.. 3/0 

4.7/0 

No 

0/100.0 

43/8  1 

1 

15.  Was  skullcap  adequate 

91.7/100 

8 .  .3/0 

36/8  1 

1 

15,  Did  heliHet  roll  interfere 
with  visor 

7. .3/12. 

Test 

5  92.7/87.5 

Previous 

41/8  ; 

1 

1 

1 

17.  IVhich  helmet  do  you  desire 
to  use 

100.0/0 

0/100.0 

i 

43/8  1 

j 

*Numbei  preceding  the  slash  refer  to  aircrews  who  stated  desire  to  continue 
use  of  tJie  test  helmet.  The  second  number  applies  to  those  who  did  not. 
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3.  MfMNTENMQ’.  CCM1ENTS.  Mainteiiaiice  records  were  maintained  for  35  of  th 
helmets.  Eighteen  of  tiie  35  helmets  required  corrective  maintenance  after 
the  initial  fitting,  and  a  total  of  28  actions  was  recorded.  Twenty-two 
of  these  were  for  adjustment  and/or  replacement  of  the  earphones,  two  for 
relief  of  hot  spots,  ^nd  four  for  cuttir^g  down  the  edge  roll/beading. 


PiNAi.  Rripofa’ 

TAC  TEST  70A-057F 


APPENDIX  1 
ANNEX  A 

SAvIPLE  AIRCREW  QlJr:c.rTONNAIRE 


Ai  RCRi:-w  rs  nis  r  i onna  i  Ri'i 


GFAIR^AL  INf^TRUCriONS.  This  questionnaire  will  be  completed  in  detail  upon 
concretion  ot  test  period,  or  in  the  ei^ent  tlie  helmet  becomes  unusable  for 
reasons  of  safety.  It  is  suggested  that  notes  be  made  following  each  use 
of  the  test  item  to  assure  that  all  pertinent  information  is  properly- 
recorded.  Any  significant  problems  encountered  which  arc-  not  n 'equetciy 
coveied  by  this  questionnaire  should  be  completely  described  and  attached 
hereto.  A  questionnaire  will  be  complotetl  for  each  test  helmet  and  sub' 
mitted  to  the  unit  project  officer. 

I.  IDENTIFICATION: 


1. 

Name 

2 .  Rank 

.3. 

Squadron 

4.  Base 

5. 

Aircraft  Type 

i).  (ucw  I’osition 

II. 

HEIAHTf  SIZ1-:  (MlASUREMIiNTS  TO  Hi; 

’Hl.LFD  IN  BY  TI-C; INTCI AN)  ; 

1. 

Head  circimtfcrence 

,  head  IvOgtli 

r 

broadtl-i 


2.  Helmet  size  used:  MFD _ _ ,  _  _ _ _ . 

1.  Tncg  helmet  used  prior  to  test;  HCU-2A/I’ _ mther _ 

in,  AMOUNT  OF  DSF.: 

!.  How  many  total  hours  d’d  you  wear  the  helmet? _ _ _ _ _ 

2.  Uhat  was  the  longest  period  you  wore  tlie  helmet? _  _ _ 

3.  hhat  was  the  average  j,  eriod  of  wear? _ _ _ 

IV,  (X)MI’AR1S0N.  Complete'  the  following  .-.tatements  to  shove  liow  v’ou  co..ipare 
the  test  helmet  with  your  prior  helmet.  vAmments  are  solicited,  especiallv 
wlien  the  test  helmet  is  rated  "worse.” 

1.  (Xvring  initial  fitting,  the  test  helmet  liner  fit  _  _  my 

previous  helmet.  • 

hm’FR  nvxN-’  as?  worsf,  than? 

2,  At  the  conclusion  of  the  test,  the  test  helmet  liner  fit _ 

m>'  previous  helmet. 


BtTTFR  'IllAN? 


SAMi:  AS? 


WIRSF  niAN? 


I 

f 

:s.  The  earphone  location  in  the  test  heimet  was  _ _ my 

pi'evious  helmet,  / 

BETTER  THAN?  SAME  ASj  WORSE  THAN? 

/ 

4.  The  oxygen  mask  on  the  test  helmet  fit _ my  previous 

helmet.  j 

/ 

BETTER  THAN?  SAME  'aS?  IVORSE  THAN? 

5.  The  chin  strap  on  the  test  helir«et  fit _ my  previous 

helmet . 

BETTER  THAN?  SAME  AS?  WORSE  TiAN? 

6.  Tie  nape  strap  on  the  test  helmet  fit_ _ my  previous 

helmet . 

BETTER  TIAN?  SAME  AS?  WORSE  THAN? 

7.  Taring  flight  maneuvers >  the  test  helmet  remained  stable  on  my  head 
_ my  previous  helmet. 

BlilT'ER  TiAN?  SAME  AS?  WORSE  TiAN? 

8.  Discomfort  due  to  heat  while  wearing  the  test  helmet  was  _ 

_ my  previous  helmet. 

BirniiR  TiAN?  SAME  AS?  WORSE  THAN? 

9.  The  test  helmet  suppressed  objectionable  noise  _ 

my  pre\ ions  helmet. 

BITTER  TIAN'?  SAME  AS?  WORSE  THAN? 

1(1.  Raiiio  and  interphone  communication  while  wearing  the  test  helmet  was 
_ mv  previous  helmet. 

BiriTER  TIAN?  SAME  .AS?  WORSE  TIAN? 

11.  I’eripheral  vision,  left  and  right,  while  wealing  the  test  helmet  was 
_ ^my  previous  helmet. 

BimiTl  TIAN?  SAMIi  AS?  WORSE  THAN? 

!?.  Peripheral  vision  upward,  while  wearing  the  test  heimet,  was 

_ my  previous  helmet. 

BITTER  TIAN?  SAME  AS?  WORSE  TIAN? 
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15.  The  weight  of  the  test  helmet  is  my  previous  helmet. 

BETTER  THAN?  SAME  AS?  WORSE  THAN? 

14.  My'  o/erall  evaluation  is  that  the  test  helmet  is_ _  my 

previous  helmet. 

BETTER  THAN?  SAME  AS?  WORSE  THAN? 

15.  Was  the  skullcap  adequate  for  absorbing  perspiration? 

YES  C  )  NO  C  ) 

16.  Did  the  helmet  edge  roll  interfere  with  visor  operation? 

YES  (  )  NO  (  ) 

17.  IVhich  helmet  do  you  desire  to  wear? _ 

TEST  HELMET  PRB/IOUS  HELMET 


18.  Comments 


■r 

. .  ^  I  _  . .  _ _ ..,7rti - 
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LIFE  SUPPORT  TECHNICIAN  QUESTIONNAIRE  1 


INSTRUCTIONS.  This  questionnaire  will  be  used  by  each  life  support  techni- 
ciin  to  dociinent  significant  information  conceding  the  fabrication  of  test 
helmets.  Discrepancies  or  deficiencies  should  be  explained  in  detail,  and 
include  the  aircrew  name,  if  applicable.  This  questionnaire  will  be 
completed  when  all  helmets  have  been  fabricated  and  given  to  the  unit 
project  officer  for  forwarding  to  the  TFWC. 


1. 

PERSONAL  DATA; 

1. 

Name 

Rank 

2. 

Organization 

AFSC 

3. 

List  an/  previous 

training  or  experience  in  helmet  liner  fabrication. 

II.  HELMETS  FABRICATED:  Estimate  man-hours  required  for  fabrication  of 
last  helmet 


AIRCREW 

NAMi: 


RANK 


DATE 

MOLD  T\iaiN 


DATE  HELMET  READt 
FOR  FITTING 


III.  FITTING  PROCESS  (LINER  TABRICATION) : 

1.  Did  tne  lower  section  of  helmet  liner  mold  fit  properly  to  test  subject' 
head?  Yes  (  )  No  (  )  (If  no,  specify  problems  encountered): 


2.  Did  top  section  of  liner  mold  properly  seal  (leak  proof)  to  bottom 

section?  Yes  (  )  No  (  ) 

3.  Was  the  splash  shield  adequate  to  contain  overflow  during  the  liner 

foaming  process?  Yes  (  )  No  (  ) 

4.  Did  the  liner  release  easily  frcm  nx)ld  sections  after  the  foaming 

process?  Yes  (  )  No  (  )  (If  no,  specify  problem  encountered): 


5.  Were  there' "any  voids  in  the  liner  after  forming?  Yc-'  (  )  No  (  ) 

IVhich  helmets? 

b.  Was  mere  an  excessive  jimount  of  unex-panded  resin  on  liner  surface 
after  forming?  Yes  (  I  No  (  ) 

7,  Was  it  necessary  to  perfonn  more  than  one  attempt  to  obtain  a  properly 
formed  liner?  Yes  (  )  No  (  ) 


8.  Were  tlie  instructions  for  forming  the  helmet  liner  adequate? 
Yes  (  )  No  (  ) 


V 


(If  no,  specify  any  problems  or  unusual  situations  encountered  which  were 
not  adequately  covered) : 


List  any  technique  which  will  inprove  the  molding  process: 


IV.  HELMET  FABRICATION: 

1.  Were  all  necessary  facilities,  equipment,  and  materials  not  supplied 
in  helmet  kits  readily  available  to  perform  the  required  fabrication  and 
assembly  processes?  Yes  (  )  No  (  ) 

(If  no,  specify  below  what  is  required  that  is  normally  not  on  hand  in 
the  base  PE  facility): 


2.  Were  the  instructions  for  fabrication,  finishing,  and  assembly  of  the 
helmet  components  clearly  stated:  Yes  (  )  No  (  )  (If  no,  specify 

prowlenis  encountered): 


3.  Did  all  helnK3t  components  properly  fit  together  and  function  properlv 
after  final  assembly?  Yes  (  )  No  (  )  (If  no,  specify  problen 
encountered  and  what  corrections  were  made) : 
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ist  techniques  which  would  iuprove  helmet  fabrication: 
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LIFE  SUPPORT  TECHNICIAN  QUESTIONNAIRE  2 

IN^RUCTIONS .  This  form  will  be  maintained  in  unit  life  support  sections 
and  be  used  to  record  all  test  helmet  discrepancies  and  corrective  actions. 
After  test  completion,  this  form  v/ill  be  given  to  the  unit  project  officer 
for  forwarding  to  the  TFWC. 

AIRCREW  NAME _ DATE _ 

LIFE  SUPPORT  TECHNICIAN'S  NAME _ _ 

REASON  FOR  ACTION: 

ROUTINE  INSPECTION _ 

END  OF  TEST  INSPECTION _ _ _ _ 

AIRCREW  CQTvlPLAINr _ 

DISCREPANCY  AND  CORRECTIVE  ACTION: 


AIRCREW'  NAME _ DATE 

LIFE  SUPPORT  TECHNICIAN’S  NAME _ 

RFJVSON  FOR  ACTION: 

ROUTINE  INSPECTION _ 

FAJD  OF  TEST  I.D'SPECTIO.^' _ 

AIRCREW  COMJ’LAINT 


DISCRIiPANCY  AND  CDRRECTIVIi  ACTION: 


AIRCREW  NAME 

LIFE  SUPPORT  TECHNICIAN'S  NAME _ 

REASON  FOR  ACTION: 

ROUTINE  INSPECTION _ 

END  OF  TEST  INSPECH’ION _ 

AIRCREW'  COMPLAINT _ 

DISCREPANCY  AND  CORRECTIVE  ACTION 


AIRCREW  NAME _ 

LIFE  SUPPORT  TEQINICIAN'S  NAME 
REASON  FOR  ACTION: 

ROUTINE  INSPECTION _ 

END  OF  TEST  INSPECTION _ 

AIRCRI^  CCMPIjMNT 


UISCRIiR\NCY  AND  CORRECFIVT.  ACYTON: 
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ANNEX  B 

HEIMET  LINER  FOAMING  PROCESS 

1.  GFJsIERAL.  The  instructions  outlined  in  this  .^nnex  apply  to  the  heLnet 
liner  foaming  process  only  and  were  revised  by  Nellis  ATO  personnel  from 
the  originally  provided  instructions  from  ASD,  These  are  the  unaltered 
instructions  forwarded  to  other  participating  units  for  their  use  in  con¬ 
ducting  this  test  and  do  not  represent  finalized  instructions  to  be  issued 
by  ASD.  Original,  unaltered  lielmet  fabrication  instruction  issued  by  ASD 
were  used  by  all  participating  units. 

2.  PROCEDURES  FOR  USE  OF  HELMET  MOLD  AND  FOAMING  PROCESS. 

a.  Hie  pi'ocedures  i  or  use  of  the  improved  mold  are  outlined  in  step- 
by-step  procedures  below.  V.’ith  a  little  practice  (say  4  to  5  fittings  and 
foamings) ,  tlie  average  teclinician  should  be  ready  to  turn  out  usable  liners 

b.  'Iliere  are  four  basic  parts  to  the  helmet  mold  assembly:  'fhe  teflon 
covered  mold,  adjusting  ring,  spacer  cap  and  spacer  ring.  (These  last  two 
must  be  coated  with  Dow  Coming  Dispersion  Coating  92-009  to  prevent  the 
polyurethane  foam  from  sticking  to  the  rubber  fabric  and  causing  the  fabric 
to  deteriorate.  The  procedure  for  repeating  this  process  on  these  items 
will  be  outlined  later.) 

(1)  Fitting  tlic  Mold: 

(a)  Place  the  ring  over  the  subject's  head  with  the  strap 
adjusting  screws  (labeled  /Mil  :md  LOCK)  to  the  rear.  It  sliould  be  care¬ 
fully  centered  on  iiis  head  so  the  ring  covers  his  eyes.  Tlic  ilcight  of  tlie 
ring  is  controlled  by  the  strap.  To  adjust  the  strap,  fir-st  loosen  tlie 
screw,  marked  "IDCK",  adjust  with  the  "AllJ"  screw,  then  retighten  "'uOCK" 
screw.  Now  place  the  teflon-covered  mold  on  the  ring,  tighten  tlic  corre- 
sponuing  lock  nuts  loosely,  :ind  with  a  ruler  measure  tlie  distance  from 
the  top  of  tlie  head  to  the  mold.  It  should  lie  approximately  1-1/4  indies. 
Adjust  tlie  strap  to  achieve  the  desired  dist;ince,  if  necessary. 

(b)  Remove  the  mold  and  put  a  spacer  caji  on  the  man's  head 

oyer  the  straps.  (The  front  of  the  skull  cap  is  where  the  seams  on  the 
inside  come  together.)  l\ill  it  down  verv'  tightly  ;uid  fasten  luider  the 
chin  with  the  velcro.  .Smooth  out  all  air  undei  the  cap,  ;uid  recheck  tiiat 
the  ring  is  still  covered.  ~ 

(c)  Now  tighten  the  ring  sp.icer,  adjusting  the  screws  so 
that  the  oars  exert  equal  ;uid  gentle  pressure  against  the  spacer  caji.  The 
ring  should  Ik'  approximately  equidistiuit  i'rom  tlic  spacer  cap  all  around. 
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Tins  step  insures  that  the  ring  will  not  move  during  the  foaming  process. 


(d)  Next  is  the  sealer  ring,  (It,  like  the  spacer  cap,  should 
be  coated  with  the  dispersion  coating.  See  procedure  at  end  of  this  dis¬ 
cussion.)  It  has  no  "top"  or  "bottom"  and  either  side  can  have  the  coating. 
The  narrower  end  is  the  front.  Push  it  dovm  evenly  over  the  head  all  the 
way  to  tlie  ring,  being  careful  not  to  disturb  the  centering. 

(e)  Recheck  the  centering  and  spacer  cap  fit  one  last  time 
and  then  put  the  mold  on  the  ring  and  tighten  tlie  fasteners  finger  tight. 
NOTE:  The  inside  of  the  mold  has  a  line  drawn  around  it,  This  will  indi¬ 
cate  where  to  cut  the  foam  after  curing.  It  should  be  traced  with  a  red 
grease  pencil  before  the  mold  is  locked  in  place.  Heat  of  the  foaming 
process  will  transfer  the  red  to  the  foam. 

(2)  The  Foaming  Operation: 

(a)  Supplies  required:  Tongue  depressors  for  mixing,  paper 
cups  (12  or  16  ounce  and  not  lined  with  wax  or  plastic)  and  a  thermometer 
(room  temperature  should  he  maintained  at  75°F  ideally,  but  70-8C  will  do. 
The  diemicals  should  be  stored  at  these  tanperatures . )  Two  "doctor's 
coats"  or  smocks  are  to  be  worn  by  the  subject  and  technician  during  the 
foaming  process.  The  foam  and  chemicals  are  not  really  caustic,  but  will 
ruin  your  clothes,  since  it  cannot  be  washed  off.  A  well-ventilated 
working  area  is  necessary  because  of  the  isocv'anate  gas  produced  by  the 
reaction. 


(b)  Pour  the  contents  of  a  bottle  of  polyol  (light-colored) 
lictuid  into  the  paper  cup.  Add  13-14  drops  of  catalyst  from  the  eye 
dropper.  NCTTI;:  Praccice  using  the  eye  dropper.  'Hie  drops  should  be  "full" 
with  no  air  to  insure  proper  volume  of  catalyst.  Also,  avoid  getting 
catalyst  into  the  bulb  of  the  dropper  as  it  will  deteriorate  it  in  a  sliort 
time.  Flush  the  bull)  with  water  and  dry  before  usLig  again.  Use  vour 
extra  dropper  in  tlie  meanwliile. 

(c)  Add  the  contents  of  a  bottle  of  isocyanate  (dark-colored) 
licpiid  and  stir  iiraiieti lately  with  the  wooden  tongue  dej^ressor.  Fortinue 
stirring  rapidly  luitil  the  mixture  ckuiges  to  a  very'  dark  brawri,  almost 
lilack,  liquid.  Rapidl)'  discartl  the  stirring  stick  and  liold  the  cup  tilted 
above  tire  oj)ening  in  tlie  iiiold.  In  about  6-8  seconds  tlie  mixture  will  start 
to  froth  rapidly.  When  it  has  risen  about  1/4  inch  above  the  level  of  the 
liquid  pour  it  rapidly  but  smoothly  into  the  mold  opening,  starting  at  the 
front  and  pouring  toward  the  back  ;md  working  to  the  front  again  using  all 
the  liquid.  Discar'd  the  cup  :md  rotate  tire  subject's  head  slightly  to  dis- 
triiuite  the  liquid  evenly. 

(d)  Ihe  foam  should  rise  rapidly  (about  20  seconds)  filling 

the  entire  mold.  It  should  expel  a  small  jimcxurt  through  each  verrt  hole 
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imd  rise  1-3  inches  out  of  the  large  opening.  (.The  process  generates  some 
heat  ~  it  feels  about  like  taking  a  hot  shower.)  After  about  1  minute 
you  can  start  to  wipe  away  the  excess  from  the  small  vent  holes  with  paper 
towels.  All  but  1/4  inch  of  the  top  excess  can  be  cut  away  before  taking 
the  foam  out  of  tlie  mold.  I^eave  the  mold  on  the  subject's  head  for  5 
minutes,  then  carefully  remove  it  by  loosening  the  chin  strap,  backing  off 
the  ring  spacer  bars,  and  lifting  the  mold  straight  up.  Let  it  "set"  for 
10  more  minutes. 

(e)  Carefully  ranove  spacer  cap  from  the  mold,  unfasten  finger 
locks,  lift  the  mold  from  the  ring  and  peel  off  the  sealer  ring.  Cut 
excess  off  the  top  and  using  a  plastic  kitchen  spatula  or  similar  tool  start 
to  loosen  the  foam  from  the  mold  a  little  at  a  time  going  around  the  mold 
sliding  the  spatula  in  between  the  mold  and  the  foam.  After  going  around 
about  twice  or  more  you  can  "ncp"  the  foam  out  oy  forcing  the  spatula  towcrd 
the  bottom  of  the  mold  all  the  way  around. 

(f)  Put  the  spacer  cap  back  into  the  foam  liner  and  replace 
it  on  idle  subject's  head  pushing  it  down  very  firmly  ror  a  few  minutes  to 
make  sure  it  gets  reshaped  to  the  subject's  head.  Carefull'  remove  it, 
mark  it,  and  set  it  aside  to  cure  for  24  hours.  NOTE:  There  should  be  a 
red  "cut''  line  around  the  outside  of  the  foam  that  transferred  from  the 
f?,rease  pencil  you  put  inside  the  mold  lieforc  the  foanung  process. 

(g)  Clean  the  mold  of  all  foam  by  wiping  or  peeling  it  away. 

Be  careful  not  to  scratcli  the  teflon  with  anything  sharp. 

(3)  Quality  Control: 

(a)  Ihe  finished  product  should  be  imifomi  in  color  and 
texture.  It  should  have  no  obvious  deformities  such  as  cavities  or  hollow 
spots  where  tlic  fo:mi  failed  to  fill,  .iolding  the  mold  up  to  a  strong  light 
should  indicate  a  consistent  stmeture  throughout. 

(b)  A  "skin"  inside  the  liner  that  may  be  slightly  or  com¬ 
pletely  loose  from  tlic  foam  itself  is  a  noimal  product  of  the  reaction. 

(cl  If  tlie  first  attcmjit  turns  out  lui  inferior  product,  the 
most  likely  causes  are; 

1.  Too  much  catalyst  -  imlicateil  by  a  dark  brown  area 
luider  the  sealer  ring,  I'.eat  fissures,  ;uul  inconsistent  cellular  foniiation. 

2,  I'oo  little  catalyst  -  foiun  may  or  may  not  fill  the 
mold,  but  t)ie  proeliict  will  ajipear  very  tliin  when  held  up  to  a  strong  ligl^t. 

In  this  case  you  may  have  had  air  huhliles  in  the  drops  of  catalyst  -  more 
practice  witli  the  dri  jijK'r  is  requircil.  (Practice  with  water  or  the  catalyst 
itself. 1 
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3.  Pouring  the  chemicals  into  the  mold  too  early  or  too 
late  either  case  will  result  in  an  incomplete  fill  of  the  mold.  Moral: 

If  you  don't  succeed  the  first  time  try  scmetliing  different  -  differing 
tei'iperature  and  humidity  conditions  can  cause  slightly  different  reactions 
from  day  to  day,  but  the  real  reasons  for  failure  usually  are  because  of 
tedmique . 

(4)  Dispersion  Coating  Procedure: 

(a)  It  will  be  necessary  to  recoat  the  skull  cap  and  sealer 
ring  after  about  5-6  foamings.  This  will  insure  their  easy  release  from 
the  foam  after  each  attempt. 

(b)  In  addition  to  the  Dow  Coming  Dispersion  Coating  #92-009 
you  will  need  a  #3  acid  brush. 

(c)  Place  the  cap  on  the  head- form  in  the  box.  Coat  the  cap 
with  a  layer  of  tlie  coating,  wait  seve’^al  minutes  for  it  to  become  tacky, 
then  coat  again.  Repeat  once  more  for  a  total  of  three  coats  and  wait 
4-5  hours  to  dry  before  using. 

(d)  Use  the  same  procedure  on  the  sealer  ring  -  any  flat 
surface  will  do  for  it. 

(5)  Safety  Procedures  Summary: 

(a)  A  well-venti lated  room  at  about  72-75°  and  low  liumidity 
(50o  of  less)  should  be  used  if  possible. 

(b  Do  tlie  foaming  process  in  iin  area  where  the  vapors  pro¬ 
duced  are  positively  removed.  Fans  blowing  the  vapors  away  from  the  working 
area  is  an  additional  aid. 

(c)  if  the  chemicals  or  reactant  comes  in  contact  with  the 
skin,  'yash  off  immediately  with  soap  and  water. 

(dj  The  suliject  and  tecluiician  should  both  wear  smocks  to 
protect  them  from  sjiilled  cliemical  reactants. 

(e)  Tlie  subject  sliould  be  seated  du^'ing  the  process  -  two 
teclinicians  helping  '.ach  other  makes  the  process  not  only  safer  but  also 
ea  s  i  e  r . 

(f)  Have  a  large  waste  basket  with  plastic  liner  nearby  to 
dispose  of  stirrers,  cups,  paper  towels,  etc. 

(g)  No  one  with  a  history  of  recurrent  respiratory  problenrs 
should  work  witli  this  process. 
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PHOTOGRAPHS 


Figure  i.  Finished  Product  with  Leather  and  Foan 
Edge  Roll  and  Earcups. 
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'Drill  and  Sew"  Edge 
Roll  Exposed 


Figure  4 


Finished  Product  witii  Leather  Edge  Roll 
and  Acoustical  Earcups. 
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Figure  5.  ftie  Effort  to  Inprove  Rubber  Edge 
Roll  *^ppearance. 
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Figure  6.  Mold  Hardware. 


Figure  7.  Adjusting  Ring  In-Place. 


Figure  8.  Spacer  Cap  In-Place. 


figure  10.  Mold  Shell  being  Tightened  In-Placc. 


"Cut  Line"  made  by  Grease 
Pencil  Transfer  from  ^toId 
to  Foam  (due  to  heat  caused 
by  the  cheaiiical  reacticai) 


Figure  17.  fixasiiple  of  Good  Liner. 
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Liner  Cut  to  Size 


i*i 

iwin^v*] 

Sfcurtty 


1  DOCUMENT  CONTROL  DATA  •  R  &  D  I 

'  ACTIVITY  fCo*|>or«<»  •ulflor; 

2  REPORT  SKCURfTV  C  L  ASSi  PIC  A  TION 

USAFTFWC 

UNCLASSIFIED 

Nellis  AFB  NV  89110 

26.  QROUP 

NA 

3  R6POHT  TITLE 

FQAI^D- IN-PLACE  HELMET 

*  descriptive  notes  (Typ0  ot  report  and  inctu9i¥0 

Final  Report  (15  Sep  70  -  28  72) 

S-  AuTHOR(S)  (Flrat  name,  middte  Initial,  tmat  name) 

DOYLE  E.  BALENTINE,  Maj,  USAF 


«  REPORT  DATE 

tm.  TOTAL.  NO.  OF  PAGES 

7^,  NO.  OF  REFS  1 

•July  1972 

55 

1 

Sa,  CONTRACT  OR  GRANT  NO. 

ORIGINATOR'S  report  NUMbERlS)  B 

TAG  Test  70A-057F  | 

6.  PROJ  EC  T  NO. 

J 

C. 

Oh.  OTHER  REPORT  NO(Si  (Any  other  nxunbera  that  may  ba  aaai^ed  I 

thia  report)  1 

d. 

_ 

- -  --  Ik  Jk.^  ^  «.>W  \_yw  V  W  J  &  W4  * 

this  document  covers  the  test  and  evaluation  of  militaiy  hardware  (July  1972).  Other 
requests  for  this  document  must  be  referred  to  HQ  TAC/DR,  Langley  AFB»  VA  23365. 


11.  SU^'^LEMENT  ARY  notes 


|l2-  SPONSOMINC  MILITARY  ACTIVITY 

HQ  TAC'/DR 

Langley  AFB  VA  23::-'^ 


13  ABSTRACT 


The  HGIJ"2A/P  heLiiet  was  unsatisfactory  because  of  discomfort,  lack  of  retention 
during  ejecticrns,  and  reitricted  upward  visibility.  The  Foamed- In -FI ace  helmet 
process  evaluated  in  thi ;  0T5E  was  an  attemjit  to  correct  the  deficiencies  that  existed 
in  the  former  helmet.  Life  support  teclinicians  are  capable,  with  practice,  of  local 
fabrication  of  acceptable  Foamed- In-Place  helmets.  Most  of  the  imiterial  and  equip¬ 
ment  provided  were  satisfactoiy;  however,  some  were  unacceptable  ;md  co)isiderable 
sujiplies  were  rctiui  red  that  were  not  provided.  Instructions  for  the  helmet  liner 
foajuing  procf'ss,  issued  by  Aeronautical  Systems  Division,  were  found  to  be  adequate. 
The  instructions  should  be  refined  ;ind  photographs  ;md  illustrations  should  be  added. 
Instructions  for  the  helmet  fabrication  were  inadeqimte.  Participating  aircrews  rated 
the  test  helmet  superior  to  the  previously  used  helmets  in  the  areas  of  comfort  (82 
percent)  and  stability  (80  jx^rcent) .  No  significant  difference  was  noted  in  restric¬ 
tions  to  visibility.  Noise  attenuation  was  lated  acceptable. 

It  is  recoimvirKled  that  immediate  action  be  taken  to  adopt  the  Foamed- In-Place  helTOt 
jirocess  for  Air  Force  use  :md  that  ASf)/fi\AMA  take  expeditious  action  to  accofiplish  the 
fol lowing : 

a.  Develop,  procure,  imd  pn:)vide  comfortable  acoustical  earcujis  for  retrofit  on 
a  1 1  Foame  :1  I  n  P 1  a.,:  e  he  1  me  t  s . 


D. 


iXrveiop,  piocuie,  and  provide  comfortable,  adhesive -hacked,  leathei  covered 


edge  rolls  for  retrofit  on  all  Foaned  In  Place  helntets. 
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c.  All  leatlier  and  sponge  ni)ber  be  precut  and  furnished  in  a  press -on/ 
self-adhesive  backing. 

d.  Talon  adhesive  (FSvI  8040  754  2685)  be  used  in  lieu  of  the  Bostik  adhesive 
i' imished  with  the  test  units. 

e.  The  chemicals  should  be  packaged  and  controlled  to  insure  exact  portions 
(measures)  are  available  and  shelf  life  is  guaranteed. 


f.  Evaluate  the  effects  of  humidity  and  teirperature  on  the  quantity  of 
catalyst  required  during  foaming  process. 

g.  Prepare  appropriate  technical  orders  with  the  assistance  of  test  project 
officers  and  technicians. 


